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The Gal i leo   spacecraf t   has   been   observ ing  I o  throughout   the P r i m e  and  Europa 
missions.  T h i s  has   a l lowed  the  evolut ion  of   individual   hot   spots  t o  be 
examined. O f  a l l  of   the  many h o t   s p o t s  on Io,   Loki  has  been  the most energetic:  
over   the  las t  2 0  y e a r s .  I t  has  been  observed  by NIMS on a number of o r b i t s ,  
w i th   obse rva t ions   i nc lud ing   Lok i   i n   da rkness   be ing   co l l ec t ed   du r ing   o rb i t s  G 7 ,  
C 9  and E 1 6 .  Here, w e  p r e s e n t   p r e l i m i n a r y   r e s u l t s  of ana lyses  of t h e  N I M S  
n ight -s ide   and   ec l ipse   observa t ions   o f   Loki .  The ' b e s t - f i t '   t e m p e r a t u r e s  
given  below  are + / -  25 K .  Areas are + / -  1 0 % .  The N I M S . G 7  observat ion  caught  
Loki a t   t h e   p e a k  of a major   b r igh ten ing   tha t   began   soon   a f te r   the  
E 6  encounter .  A two-temperature f i t   t o   t h e  N I M S  G7  data   produced  temperatures  
and  areas  of  approximately 990 K (cover ing  3 km2) and 4 6 0  K (covering 
2 3 2 0  k m 2 ) .  NIMS observed a less ene rge t i c   Lok i   du r ing   o rb i t  C 9 ,  wi th  
temperatures of 9 6 2  K ( 5  km2) and 373 K ( 1 1 7 0 0  k m 2 ) .  The G7-C9 t rend  might  be 
ind ica t ive   o f  a spreading ,   cool ing   f low.   Loki   b r igh tened   aga in   in  
May 1998,  and w a s  observed  by N I M S  i n   June   du r ing   t he  E16  encounter .  
Temperatures were similar to   t hose   ob ta ined   du r ing  C 9 ,  a t  345 K (3830 km2) and 
6 1 2  K ( 2 7 . 4  k m 2 ) .  a l t houah   t he  area of t h e   c o o l e r  comDonent w a s  verv much 
reduced. The low-temperature component may have   been-   s t ronger   dur i ig   o rb i t  
C 9  than E16 i n  Dart because   the  1997 eruDtion  had  been  under w a v  f o r   f o u r  
months by C9, whereas t h e  1998 erupt ion  had  been active f o r  two*months  by E 1 6 .  
The 3 . 5  mic ron   b r igh tnesses   fo r   t hese   t h ree   even t s  are 80 G W / m i c / s t r  dur ing  G 7 ,  
6 0  GW/mic/str  during C 9  (bo th   cons i s t an t   w i th   g round-based   obse rva t ions ) ,   and  
1 3  G W / m i c / s t r  dur ing  E 1 6 .  
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1. T i t l e   s l i d e :  
Loki  as   observed by the   Gal i leo   Near - Inf ra red  Mapping Spectrometer ( N I M S )  
au tho r s :  A.G. Davies,  R.M.C. Lopes-Gautier,  W.D.Smythe, R.W.Carlson 
(JPL/Caltech)  and J . R .  Spencer  (Lowell   Observatory).  

The Gal i leo   spacecraf t   has   been   observ ing   Io   th roughout   the  P r i m e  and  Europa 
missions.   This   has   a l lowed  the  evolut ion  of   individual   hot   spots   to  be 
examined. L a s t  y e a r  w e  ta lked  about   the  evolut ion  of  Pele and P i l l a n   P a t e r a .  
T h i s  year  w e  w i l l  show t h e   r e s u l t s  of a n a l y s i s  of   observat ions of  Loki  with 
the  Near I n f r a r e d  Mapping spectrometer  ( N I M S )  on G a l i l e o .  The ' b e s t - f i t '  
temperatures  given  today are + / -  2 5  K ,  and   a r ea   unce r t a in t i e s  are + / -  1 0 % .  

2 .  S l ide :   Loki   Pa te ra  

O f  a l l  of t h e  many h o t   s p o t s  on I o ,  Loki  has  been  the  most  energetic 
over   the las t  2 0  years. It  has  been  observed  by NIMS on a number of o r b i t s ,  
w i th   obse rva t ions   i nc lud ing   Lok i   i n   da rkness   be ing   co l l ec t ed   du r ing   o rb i t s  G 7 ,  
C 9 ,  E 1 6  and C 2 2 .  C22 d a t a  i s  cu r ren t ly   be ing   eva lua ted .   Th i s  image shows 
four   views  of   Loki :   upper   lef t  i s  t h e  Voyager 1 hi - res   image;   upper   r igh t ,  
Voyager colour;   bottom  right,   Voyager 2 ;  bottom l e f t ,   G a l i l e o  G 1  ( June   1996) .  

3 .  S l i d e s :  NIMS G 7  observation  of  Loki 
4 .  S l i d e s :  NIMS E6 and G7 comparison a t  2 . 9 5  microns 

N I M S  observed  Loki   during  orbi t .G7 on 12 Apr i l  1997,  a t  a range  of 5 5 6 , 0 0 0  km, 
wi th   Loki   pos i t ioned   in   darkness .  Here i s  t h e  NIMS  G7  Loki  spectrum. 
Unfor tuna te ly ,   the   middle   de tec tor   range   sa tura ted   ou t ,   bu t  w e  still  have 
enough u s a b l e   d a t a .   I n t e n s i t i e s  f rom  adjacent   pixels   have  been  added  to  
accoun t   fo r   t he  instrument poin t   spread   func t ion .  The f u l l   s p e c t r u m  i s  divided 
up i n t o   i n d i v i d u a l   g r a t i n g   p o s i t i o n   s p e c t r a   e a c h  of  which is  f i t t e d  i n  t u r n .  
A t  t he  t i m e  of the  observat ion,   Loki  w a s  a t  the  peak of a major   br ightening 
t h a t  began  soon a f t e r  t h e  E6 encounter,   observed  by  ground-based  observers 
on March 12th  1997  from t h e  IRTF. 

5 .  Slide: Loki G 7  2-temp f i t .  

Here i s  a two-temperature f i t  t o   t h e  G 7  d a t a .  We get temperatures 
and  areas  of  approximately 990 K ,  wi th   an   a rea  of approximately 3 km2,  and 
4 6 0  K covering an area  of   approximately 2 3 2 0  km2.  Areas  have  been  corrected 
f o r  emergence  angle. 

6 .  S l i d e :  C9inchemisO6 o b s e r v a t i o n   ( t h i s  i s  a 35 mm s l i d e ) .  
7 .  S l i d e :  C 9  Loki 2T f i t  

Loki w a s  obse rved   aga in   i n   o rb i t  C 9 :  t h e  C 9  o b s e r v a t i o n   a l s o   c o n t a i n s ' p e l e  
and P i l l a n   P a t e r a .  The o t h e r   s l i d e  shows the  Loki  spectrum  and a two 
component f i t .  By C 9 ,  June 1 9 9 7 ,  the  Loki  eruption  had  died down 
considerably:  a t  l e a s t ,  a t  N I M S  wavelengths,  Loki was less ene rge t i c ,   w i th  
temperatures of 9 6 2  K ,  covering 5 km2,  and 373  K covering 1 1 , 7 0 0  km2. The 
G7-C9 t rend  might   be  indicat ive  of  a spreading,   cool ing  f low.  

8 .  S l i d e :  E 1 6  lok i   observa t ion   and  2T f i t .  

Loki br ightened  again i n  
May 1998,  and w a s  observed by NIMS i n   June   du r ing   t he  E 1 6  encounter .  
Temperatures were s imi l a r   t o   t hose   ob ta ined   du r ing  C 9 ,  a t  3 4 5  K ( 3 8 3 0  km2) and 
6 1 2  K ( 2 7 . 4  k m 2 ) ,  a l though  the  area  of   the   cooler  component was very much 



reduced. The low-temperature  component may have   been   s t ronger   dur ing   orb i t  
C 9  than E 1 6  i n  p a r t  because the  1997.eruption  had  been  under way f o r  f o u r  
months by C 9 ,  whereas  the 1998 e rup t ion   had   been   ac t ive   fo r  two months  by E 1 6 .  

9 .  Evolut ion  of   3 .5   micron  br ightness  a t  Loki. 

T h i s   s l i d e  shows the  trend  of  emission  from  Loki ( a f t e r  Lopes-Gautier,  
I c a r u s ,  1 9 9 9 ) .  The 3 . 5  mic ron   b r igh tnesses   fo r   t hese   t h ree   even t s  are shown 
here,   having  been  converted  from NIMS i n t e n s i t y   u n i t s   t o   G W / s t r / m i c r o n   f o r  
comparison  with  ground-based  observations.  The calculated NIMS 3 . 5  micron 
b r igh tnesses  are 8 0  G W / m i c / s t r  du r ing  G7, 6 0  G W / m i c / s t r  d u r i n g  C9  
(bo th   cons i s t an t   w i th   g round-based   obse rva t ions ) ,   and   13  G W / m i c / s t r  du r ing  ~ 1 6  

1 0 .  Conclusion. 
To summarise: 

1. NIMS has  been  observing  Loki   intermit tant ly   during  the  Gal i leo P r i m e  and 
Europa  missions.  

2 .  I t  has  been possible to   observe   thermal   ou tburs t s   f rom  Loki   and   char t  the 
subsequen t   evo lu t ion   o f   t he   e rup t ions .  

3 .  The development  of  algorithms  to separate t h e r m a l   f r o m   r e f l e c t e d   s i g n a l s   i n  
dayside obse rva t ions  w i l l  lead t o  more data po in t s   on   t he   evo lu t ion   t ime- l ine .  

4 .  NIMS data agree very c l o s e l y   w i t h  data col lected  f rom  ground-based 
ins t ruments  

5 .  Appl ica t ion  of more s o p h i s t i c a t e d  s i l i ca te  cooling  models,   and  comparison 
with  SSI data and   i n s t rumen t s   s ens i t i ve  a t  longer  wavelengths w i l l  lead t o  
bet ter  understanding  of magma tempera tures ,   e rupt ion  style, and rates of 
emplacement  of material a t  Loki. 
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E l 6  2 T  f i t  t o  Loki data  
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Summary 

1. NIMS has been observing Loki intermittantly  during the  Galileo  Prime  and 
Europa  missions 

2. NIMS has  observed  thermal  outbursts from Loki, and  has  charted  the 
subsequent  evolution of these  eruptions 

3. The applicatio-n of algorithms  to  separate thermal signal from reflected 
sunlight in dayside  observations of Io wil1 lead to more data  points  on  the 
evolutionary  time-line  for Loki and  other  volcanoes 

4. NIMS-derived 3.5 micron  brightness  agree very closely with  data  collected 
by  ground-based  instruments 

5. Application  of sophisticated silicite cooling  models, in conjunction  with  data 
collected from SSI (especially  the C9 data),  and  other  instruments  at  longer 
wavelengths, will lead to  better  constraints on magma  temperature,  eruption 
style,  and  rate of emplacement of material. 


